Introduction:
The aim of this study is to investigate the dose-deposition enhancement due to alphaparticle irradiation in a cellular model by using the carbon and the oxygen chemical compositions. A simulation study was performed to study dose enhancement due to carbon and oxygen for a human cell where the Geant4 code used for alpha-particle irradiation of a cellular phantom. The characteristics of the dose enhancements based on the concentrations of carbon and oxygen in the nucleus and cytoplasm by the alpha-particle radiation was investigated and was compared with those obtained by gold and gadolinium.
Material and Method:
This simulation was based on the microbeam example in Geant4 (version 9.5), which simulates a realistic cellular-irradiation beamline facility configured to deliver a beam of 3MeV alpha particles focused down to a 5 ㎛ diameter. The cell geometry is a voxelized 3D model based on a human keratinocyte cell line [1] . The cell geometry was located on polypropylene foil and composed of each voxel composed of the cell geometry was a box filled with the nanoparticle-aided mixture with dimensions of 0.36 ㎛ * 0.36 ㎛ * 0.16 ㎛.
The simulation software incorporates the physics processes of the Geant4 low-energy electromagnetic package with associated G4LOWEM 6.23 data. The dominant processes occurring in the experimental irradiation setup in the mega-electron-volt region and affecting incident alpha particles are multiple scattering and ionization [2] .
Results:
In this work, we performed a simulation study to investigate the dose enhancement in a cellular model (human normal cells) for various chemical compositions. We investigated the chemical compositions and morphological effects of the alphaparticle irradiation for various value of the shifts of microbeam's position. Carbon and oxygen were found to be more effective for dose enhancement than gadolinium and gold in particle irradiations as shown in Fig. 1 . 
Conclusions:
We showed that high-stoppingpower materials offer a more effective dose enhancement efficacy. The results showed that both the carbon-and the oxygen-induced dose enhancements were more effective than those of gold and gadolinium; on that basis, we suggest that carbon nanotubes (CNTs) and oxygenation are promising candidates as dose enhancement tools in particle therapy.
